Background It is not clear from the literature whether children with diabetes have more psychological difficulties than their peers. Purpose This study aims to use meta-analysis to determine if children with diabetes differ from children without a chronic illness in a variety of domains reflecting psychological well-being. Method A meta-analysis was undertaken of 22 studies that compared children with diabetes to a comparison group. Outcomes included depression, anxiety, behavioral problems, and related constructs. Results Children with diabetes were more likely than comparison groups to experience a variety of psychological difficulties. However, these effects were small to medium in magnitude and were typically smaller among more recent studies and studies with well-matched comparison groups.
Introduction
Type 1 diabetes is one of the most common childhood chronic illnesses. It is a lifelong illness that requires intensive daily treatment management. Children with diabetes must learn how to test their blood sugar regularly, administer insulin properly, monitor their dietary intake and physical activity, and adjust insulin dosages based on current blood sugar, diet, and exercise. Failure to properly engage in all of these activities could lead to acute episodes of low blood sugar (i.e., hypoglycemia) or high blood sugar (i.e., hyperglycemia)-each of which is associated with hazardous implications for health. Low blood sugar levels can have immediate health consequences with the potential to lead to coma or death if left untreated. High blood sugar levels can have immediate health consequences in the form of ketoacidosis. Furthermore, chronic hyperglycemia can lead to longer-term health consequences, such as circulatory problems, kidney disease, and blindness [1] .
The burden of having to manage this disease, the knowledge that the illness is chronic, and the potential for the illness to disrupt normal childhood activities could certainly pose psychological difficulties for children with diabetes. Prior work suggests that children with chronic medical problems are at greater risk for psychosocial difficulties. For example, Lavigne and Faier-Routman [2] conducted a meta-analytic review of children with physical disorders in 1992. Their review concluded that children with physical disorders had more adjustment problems, higher rates of internalizing and externalizing problems, and lower levels of self-esteem than comparison groups. The review included seven studies that compared children with diabetes to comparison groups. The effect sizes across the studies were extremely heterogeneous but led to an overall moderate effect size in the direction of more adjustment problems for those with diabetes. The review also noted that group differences became smaller when studies with better comparison groups were used, and that group differences were larger when comparisons to population norms were used.
A subsequent meta-analysis of children with chronic medical problems conducted in 1994 focused solely on the outcome of depression. Bennett [3] concluded that children with medical disorders are at a slightly higher risk for depressive symptoms than healthy children (d=0.27) but that there is not a substantially higher risk for clinical depression. When the 12 studies of children with diabetes were examined, a modest effect size appeared (d=0. 22) indicating that children with diabetes experienced more depressive symptoms than comparison groups. Across medical disorders, time since diagnosis, sex, and age did not moderate the findings. Effect sizes were larger when parent ratings were used compared to child ratings. Unlike the previous meta-analysis, effect sizes were larger when studies employed comparison groups rather than making comparisons to normative data.
Several narrative reviews have focused on the comparison of children with diabetes to comparison groups. These reviews generally indicate that diabetes is associated with some psychosocial difficulties during childhood and adolescence-most notably anxiety and depression ( [4, 5] ; both conducted in 2003). However, this conclusion is largely derived from a contradictory set of findings. Whereas some case-control studies show that diabetes is not associated with any psychosocial difficulties (e.g., [6] [7] [8] ), other studies have found important differences when comparing children with diabetes to children without chronic illness [9, 10] . One literature review noted the inconsistency in the literature and concluded that it is premature to draw conclusions ( [11] ; 1997), whereas another suggested that these adjustment difficulties might be limited to the initial period after diagnosis ( [12] ; 2000) and another suggested the difficulties might be magnified among adolescents ( [13] ; 1997). The goal of the present paper is to integrate these, and other, findings using rigorous meta-analytic techniques to determine whether children with diabetes differ from children without a chronic illness in terms of psychological well-being.
One limitation of the prior meta-analyses and narrative reviews is that many of the studies were conducted some time ago. The most recent meta-analysis in this area was conducted 15 years ago. Thus, it is important to determine whether there are current differences in psychological functioning between children with diabetes and their peers.
There are several advantages of a meta-analytic review compared to the narrative reviews that have been completed in the past. First, comparisons between children with and without diabetes are quantified in terms of an overall effect size, which can be evaluated for statistical significance. This effect size can be weighted so that studies with larger samples contribute more to the overall effect than studies with smaller samples. Second, meta-analysis can statistically examine variables that might moderate the relation of the independent variable to the outcome (e.g., average level of metabolic control for children with diabetes, or average age of the sample).
In the present paper, we conduct a meta-analysis of all studies conducted since 1990 that compared children with diabetes to comparison groups on a range of outcomes reflective of well-being. In the majority of cases, these comparison groups consisted of children who were healthy, which was typically defined as the absence of chronic illness. We did not include earlier studies because the treatment for diabetes has changed vastly over the past several decades. We began with a wide range of well-being outcomes, but ended by focusing only on those that were assessed by enough studies to meta-analyze: depression, anxiety, general psychological distress, psychopathology, behavioral problems (internalizing, externalizing), selfesteem, and peer difficulties. We distinguished between outcomes that were reported by children and outcomes that were reported by parents.
We also examined whether several variables moderated these associations. First, we examined whether effects were influenced by year of publication. As diabetes treatment has steadily improved, one might observe that differences in well-being between those with diabetes and their peers have diminished over time. By contrast, treatment also has become more intensive over time and initiation of intensive insulin therapy may be associated with increases in distress for certain groups [14] . Thus, there is the possibility that group differences in well-being could have increased over time. Second, we examined whether child age moderated the findings. Because self-care behavior declines during adolescence [15, 16] , as does metabolic control [15, 17] , it is possible that group differences in well-being emerge or change during this period of time. Third, we examined child sex as a moderator variable. Some studies have suggested that girls have a more difficult time adjusting to diabetes than boys (e.g., [18, 19] ). However, it also is the case that girls in general report more psychological distress than boys beginning in early adolescence [20] . Here, we examined whether group differences were larger for studies with a larger percentage of girls as compared to studies that included fewer girls. Fourth, we examined whether time since diagnosis moderated the findings. One might expect group differences to be larger shortly after diagnosis when the child with diabetes is facing the initial shock of the disease and learning how to adjust. Fifth, we examined whether metabolic control moderated the findings. We hypothesized that differences between children with diabetes and comparison groups would be larger when children with diabetes exhibited poor metabolic control. Numerous studies have linked poor metabolic control to depression [21] [22] [23] , but there have been exceptions in which good metabolic control is related to depression (e.g., [24] ). Again, the meta-analysis will be able to address this question.
Finally, we also examined whether comparison group equivalence moderated the findings. Studies varied greatly in the extent to which the comparison group matched the diabetes group on key demographic variables (e.g., age, sex, race, socioeconomic status). When group differences were found on demographic variables, only some of the studies statistically controlled for these differences in their analyses. It is important to examine whether group differences become larger, smaller, or are unaffected by the comparability of the comparison group.
Method

Article Identification
We conducted a literature search focused on papers that compared the psychological well-being of children with diabetes to a group of peers who were typically unaffected by chronic illness. We restricted our search to published, peer-reviewed studies to ensure that our meta-analysis was based on the most rigorous research available. Articles were identified by conducting literature searches of PsycInfo and Medline databases through December 2009. In each database, we conducted multiple searches, using one keyword from each of the following categories until all combinations had been exhausted: (1) diabetes, (2) control group, controls or healthy, (3) child or adolescent, (4) adjustment, psycholog* health, well-being, distress, depression, anxiety, quality of life, or mental health. As we identified relevant articles, we also examined articles' reference sections to identify additional articles that met our criteria. Only articles that were published in English were examined.
We excluded articles that focused on adults with diabetes and those that solely compared individuals with diabetes to individuals with other chronic diseases. We also excluded articles published prior to 1990, as diabetes care has changed substantially in the past two decades. For clinical purposes, it is more important to determine whether there are current differences in well-being between children with diabetes and children without chronic illnesses.
To be included in the meta-analysis, articles had to include at least one measure of psychological well-being. We did not include studies that focused on social support, personality characteristics, cognitive functioning, disordered eating, or physical well-being. It was also necessary that each study compare children with type 1 diabetes to a comparison group. Studies that compared children with diabetes to published norms for a given instrument were included only if sufficient statistical information about the norm group was available in the journal article (one study with norms met inclusion criteria).
Procedure
We identified 44 studies for review, of which 22 met the inclusion criteria. The majority of studies were ineligible because they focused on adults rather than children or adolescents (n=14); six were excluded because participants were compared to a normative group for which inadequate information was given; one was excluded because there was no comparison group; and one was excluded because insufficient information was provided to compute an effect size. Eligible studies were coded independently by two research assistants, who recorded effect sizes and other relevant study information. One of the authors (VH) reviewed the coded articles and resolved any discrepancies. Each study was allowed to contribute only one effect size for each construct [25] . Thus, for studies that administered multiple measures of the same construct (e.g., two different types of psychopathology), effect sizes were averaged [25, 26] . Although it is also appropriate to randomly select one effect size, there were few cases in which this issue applied, and the authors did not want to introduce additional noise into the analysis based on the selection of one effect size. Similarly, for longitudinal studies in which the relation between a construct and an outcome were reported for multiple occasions, effect sizes for each wave of measurement were averaged. There was not a sufficient number of longitudinal studies to examine whether effect sizes changed over time.
We next examined each category of well-being to determine whether we had a sufficient number of studies to proceed with the meta-analysis. We separated outcomes reported by children from those reported by parents. Although only two studies are technically required for meta-analysis, three is the minimum number of studies for which moderation analyses can be conducted [26] . Thus, only those constructs that included at least three studies from one type of respondent (i.e., parent or child) were included in the analysis. Several constructs were measured in fewer than three papers, and were thus excluded from further analysis: anger/hostility, general quality of life, and positive affect. In the end, we were able to examine effect sizes for parent reports of child psychological distress, general behavioral problems, internalizing problems, and externalizing problems. For child reports, we were able to acquire a sufficient number of studies to examine depressive symptoms, clinical depression, anxiety, psychological distress, self-esteem, peer difficulties, and psychopathology.
In addition to the effect sizes for psychological wellbeing, we also coded additional information about each article, including demographic information for the diabetes and comparison groups, information about whether the diabetes and comparison groups were comparable on key demographic variables, metabolic control of the diabetes group, and year of publication.
Coded Outcomes and Moderating Variables
Depressive Symptoms
Typical measures of depressive symptoms included a variety of self-report instruments (e.g., Children's Depression Inventory [27] ) and interview assessments (e.g., Schedule for Affective Disorders and Schizophrenia for School-Age Children [28] ).
Clinical Depression
Measures of clinical depression distinguished between participants who experienced severe symptoms of depression from those that did not. Most measures employed cutoff scores from self-report instruments (e.g., Children's Depression Inventory [27] ; Center for Epidemiological Studies-Depression Scale [29] ).
Anxiety
Measures of anxiety used both self-report (e.g., Revised Children's Manifest Anxiety Scale [30, 31] ) and interview assessments (e.g., Schedule for Affective Disorders and Schizophrenia for School-Age Children [28] ).
Psychological Distress
Measures of psychological distress were global instruments that typically assessed multiple domains of psychological distress without differentiating among them (e.g., psychosocial functioning from Pediatric Quality of Life Inventory [32] ; emotional functioning from the Manchester-Minneapolis Quality of Life Instrument [33] ). Studies that differentiated anxiety and depression outcomes are included in those categories and are not represented in the psychological distress construct.
Behavioral Problems (Parent-Rated Only)
Behavioral problems were typically measured by instruments such as the Child Behavior Checklist [34] or the Behavior Assessment System for Children [35] . Primary domains of behavioral problems are internalizing problems and externalizing problems. When possible, we recorded and analyzed these effects separately. However, three of the studies that examined behavioral problems did not distinguish between internalizing and externalizing problems. Thus, we also examined general behavioral problems. In this category, we examined all six studies by including effect sizes for the three studies that did not distinguish between internalizing and externalizing problems, and by averaging the effect sizes across the two domains of behavior problems in the three studies that made the distinction.
Self-Esteem
Measures of self-esteem assessed children's feelings of self-worth with self-report measures (e.g., general selfworth from the Self-Perception Profile for Children [36] ; Rosenberg Self-Esteem Scale [37] ).
Peer Difficulties
Peer difficulties included poor social functioning as well as difficulties with peers such as victimization (e.g., social functioning scale of the Pediatric Quality of Life Inventory 4.0 [32] ; Social Experience Questionnaire [38] ).
Psychopathology
This construct included psychiatric symptoms and diagnoses other than anxiety and depression (e.g., obsessivecompulsive issues). Psychopathology was typically assessed with a diagnostic interview (e.g., Child Assessment Schedule Interview [39] ).
Moderating Variables
We assessed several characteristics that could moderate effect sizes, including average age, sex distribution, and average time since diagnosis and average level of metabolic control among the diabetes groups and year of publication.
We also created a measure of comparison group equivalence by examining the match between the diabetes and comparison groups on demographic variables and by assessing the nature of the comparison group. Other investigators who have assessed the quality of comparative studies have heavily emphasized the aspects of comparison group equivalence that we examined [2, 40, 41] . Each study received up to five points, with one point being awarded for matching on each of four variables-age, race, sex, socioeconomic status-and one point being awarded for studies that recruited their own comparison group rather than using a convenience sample from other studies or population norms. Studies were given credit for matching if they tested and found no difference between the diabetes and comparison groups or if they found a group difference but statistically controlled for it in their analyses. Zero points were awarded when the study did not test for differences on demographic variables, or if a difference was demonstrated but the variable was not included as a covariate in subsequent analyses.
Effect Size Extraction
Cohen's d was used as the effect size statistic for this metaanalysis. This statistic represents the magnitude of the difference between groups. As a rule of thumb, effect sizes are categorized as small (d=0.20), medium (d=0.50) or large (d=0.80) [42] . Cohen's d values were extracted for each study based on available information presented in the printed article, and in some cases, by contacting the authors for further information on the study. Some effect sizes were calculated from descriptive information (e.g., means and standard deviations), whereas other effect sizes were calculated from secondary statistical tests (e.g., t tests). When possible, we used an Excel macro created by Lipsey and Wilson [25] to compute effect sizes. Effect sizes were coded as zero for studies that conducted a test and reported no significant differences. This is a conservative strategy as non-significant effects were unlikely to be zero.
Meta-Analytic Procedure
SPSS macros designed by Lipsey and Wilson [25] for metaanalytic procedures were used in the current study. Effect sizes and the weights are entered into the SPSS file and the macro performs a weighted aggregation of the effect sizes. In the current study, we used the inverse variance to weight the effect sizes. Weighting with inverse variance provides larger weights for studies with larger sample sizes, which are characterized by more precise estimates of effect size, and smaller weights for studies with smaller sample sizes, which are characterized by less precise estimates of effect size [25, 43] . This procedure calculates an overall effect size (accounting for study weights) and indicates whether it is significantly different from zero. In addition, we examined the Q statistic for each effect size to determine the heterogeneity of the effect. Significant Q values indicate that there is sufficient variability across effect sizes to test for moderating variables. When appropriate, we tested the role of several moderating variables. Moderator analyses were conducted using modified weighted multiple regression for meta-analysis, using an SPSS macro developed by Lipsey and Wilson [25] . This macro is used to compute regression coefficients and properly adjusts standard errors to yield appropriate assessments of statistical significance.
Results
Twenty-two articles met the criteria for inclusion in the meta-analysis. Descriptive information on these studies is displayed in Table 1 . The majority of comparison groups were recruited from physician offices or schools. In the majority of cases, comparison groups consisted of children without chronic illness. In a couple of cases, the comparison group consisted of or included children with an acute illness. In a few cases (typically schools), there was no information provided about the health status of the comparison group. The precise definition of each comparison group is shown in Table 1 . The majority of studies also examined large age ranges of children and adolescents. Although the moderating effect of age can be examined within an individual study that has a wide age range of participants, large age ranges make it more difficult to examine age as a moderator in a meta-analysis. With metaanalysis, each study is represented by the average age of the sample. Thus, it may be difficult for meta-analysis to determine the moderating effect of age in these studies.
There was wide variety in the comparison group equivalence index. The mean comparison group equivalence score was 2.36 (out of 5). Forty-one percent of studies scored 0 or 1, 27% scored 2 or 3, and 32% scored 4 or 5.
Results of the meta-analysis are shown in Table 2 . Significant effect sizes were small to medium in magnitude [42] and revealed that across studies, parents indicated that children with diabetes experienced more psychological distress and more overall behavioral problems than comparison groups. Among the studies that distinguished between internalizing and externalizing problems, parents reported that children and adolescents with diabetes experienced more internalizing problems but not more externalizing problems than the comparison group. The homogeneity test (i.e., Q statistic) revealed that none of the parent-reported constructs demonstrated sufficient heterogeneity to allow examination of moderator variables.
Across studies that examined child reports of psychological well-being, significant effect sizes were again in the small to medium range [42] . Children with diabetes reported more depressive symptoms, more clinical depression, 1 more anxiety, and more psychological distress than the comparison group. There were no group differences in self-esteem, peer difficulties, or psychopathology. Each of the significant effect sizes was heterogeneous, as indicated by the Q statistic. Thus, the role of moderating variables was examined.
Moderator Analyses
The results of moderator analyses are shown in Table 3 . We examined moderation only when the Q statistic revealed sufficient variability in effect sizes. We examined moderators one at a time and only in cases when there were sufficient numbers of studies that assessed that moderator variable. While it would be preferable to examine multiple moderators simultaneously, each study did not provide reports of each moderating variable. Thus, sample sizes were sufficiently diminished to rule out testing multiple moderators at the same time.
Correlations among the moderator variables revealed only a few significant relations. Average age of the diabetes groups was associated with the average time since diagnosis (r=0.75, p<0.01), and year of publication was associated with HbA 1C (r=−0.68, p<0.05) such that more recent articles reported better metabolic control among children with diabetes.
Year of Publication
Year of publication moderated several of the effect sizes, almost always in the direction of more recent studies reporting smaller effect sizes. Child-reported differences in depressive symptoms and clinical depression were smaller in more recent studies. Although the overall effect size was not significant for self-esteem or peer difficulties in initial analyses (see Table 2 ), the effect sizes did show changes over time: earlier studies of self-esteem indicated that children with diabetes experienced worse self-esteem than comparison groups, but later studies found smaller differences or evidence that children with diabetes experienced better self-esteem than comparison groups. Similarly, the earliest study of peer difficulties indicated that children with diabetes experienced more problems, whereas the two more recent studies indicated that children with diabetes experienced fewer problems than comparison groups. A single listed number (e.g., Engstrom average age) indicates that the mean is equivalent for the two groups. Only those outcomes included in the meta-analysis are depicted (p) the outcome was reported by the parent, dm diabetes group, comp comparison group, ? unreported
Age of Child
The average age of the diabetes group did not moderate any of the findings. As discussed previously, it may be difficult to detect moderation effects of age when individual studies have wide age ranges, as the mean age for each study is used in the moderation analysis.
Sex
Sex moderated a few of the effects. For adolescent reports of depressive symptoms and psychological distress, group differences became larger when a greater percentage of the diabetes sample was female.
Time since Diagnosis
Time since diagnosis moderated a single child-reported outcome. Group differences in depressive symptoms became smaller as time since diagnosis increased.
Average Hemoglobin A 1C
Only half of the studies included in the meta-analysis reported the average metabolic control of participants with diabetes. Thus, moderation analyses could be conducted for only four effects (child-rated depressive symptoms, anxiety, psychological distress, and self-esteem). Of the four effects, two were affected by the average metabolic control of children with diabetes. Group differences in child-rated anxiety and psychological distress became larger when children with diabetes had worse metabolic control (i.e., higher average HbA 1C ).
Comparison Group Equivalence
The index of comparison group equivalence moderated several of the effect sizes. In the case of child-rated depressive symptoms and anxiety, group differences were smaller in studies with more equivalent comparison groups. Although the overall effect size for peer difficulties was not significant in the initial analyses (see Table 2 ), the effect size did vary by comparison group equivalence. The study with the most comparable comparison group ( [56] ; received a 2 on a 5-point scale, which is still low) found that children with diabetes experienced more peer difficulties than the comparison group, whereas the other two studies found that children with diabetes experienced fewer peer difficulties than the comparison group. The overall effect for psychopathology also was not significant in the initial analyses (see Table 2 ), but moderator analysis found that the size of the effect varied according to comparison group equivalence. The study with the most equivalent comparison group ( [6] ; rating of 4) had a negative effect size (d= −0.35) suggesting that the comparison group had more psychopathology than those with diabetes, and the study with the least equivalent comparison group [54] suggested that those with diabetes had more psychopathology than the comparison group (d=0.43), with the two studies with midlevel comparison group equivalence (rated 3) reporting effect sizes near 0 ( [45] , d=0.06; [46] : d=0.12).
Publication Bias
Because this meta-analysis focused exclusively on peerreviewed publications, it is important to consider the effect of publication bias. To assess potential bias, we created a funnel plot for each psychological well-being construct, plotting sample size against effect size. Plots should form the shape of a funnel, with smaller studies demonstrating greater variability in effect size [25, 26] . Upon examination, many of the funnel plots showed the expected distribution, some constructs had too few studies to assess the shape of the underlying distribution, and some constructs (e.g., anxiety) showed an asymmetric distribution suggesting that the publication of smaller studies may have been skewed toward reporting larger differences between diabetes and comparison groups (in the direction of children with diabetes experiencing worse outcomes). Thus, it is possible that publication bias may cause effect sizes based on smaller numbers of studies to appear larger than the "true" underlying effect size (i.e., some of the small to medium size differences between children with diabetes and comparison groups may actually be smaller than the current analyses suggest). This issue is partly addressed in the current meta-analysis by weighting larger studies more heavily using inverse variance weighting. This partially attenuates the impact of a skewed distribution among smaller studies by giving them less weight in the analysis. Funnel plots for each of the variables in this meta-analysis are available upon request from the first author.
Discussion
Prior work has often suggested that children and adolescents with diabetes may be at risk for poor psychological well-being when compared to healthy peers. The current meta-analysis supports the idea that children with diabetes experience somewhat elevated levels of depression, anxiety, and psycho- Table 2 ). Potential moderating variables that had insufficient sample size for analysis (i.e., fewer than three studies) are not depicted in the table logical distress. Nonetheless, these differences are small to medium in magnitude, and are moderated by several factors. Especially important was the effect of publication date on the magnitude of effect sizes. Diabetes treatment regimens have changed substantially over the past 15 years, including both technological advancements (e.g., more efficient blood glucose monitors, new types of insulin) and new clinical standards (e.g., more intensive insulin regimens). However, it has previously been unclear whether these changes have improved psychological well-being or contributed to psychological distress. The current study demonstrates that differences between children with diabetes and comparison groups on clinical depression and depressive symptoms were smaller in more recent studies. Though it was not possible for the current analysis to assess the relation between specific aspects of the diabetes care regimen and outcomes, the analysis suggests that children with diabetes currently experience levels of distress that are more similar to their peers than had previously been the case. This finding complements work that examined the psychological well-being of adolescents in the intensive treatment management and control conditions of the Diabetes Control and Complications Trial, which found that adolescents assigned to intensive treatment management did not differ from those assigned to the less intensive conventional treatment in diabetes-related quality of life over a 3-year follow-up period. That study did, however, find a marginally significant interaction between age, treatment, and time, that indicated older adolescents (age 16-18) assigned to intensive treatment experienced small increases in psychological distress over time compared to an age-matched comparison group, whereas younger adolescents (age 13-15) experienced similar levels of distress over time regardless of treatment condition [14] . As children increasingly begin to use intensive insulin regimens at younger ages, differences in psychological well-being may continue to diminish.
Comparability of the comparison and diabetes groups also played a role in determining the magnitude of differences between the groups. Although there were a few exceptions, in general, studies with more comparable comparison groups found smaller group differences, or demonstrated that children with diabetes experienced better outcomes than peers. Thus, it will be essential for future studies to recruit and retain well-matched comparison groups to better understand the similarities and differences between children with diabetes and their peers.
While the current study suggests that children with diabetes may be at risk for slightly elevated levels of psychosocial difficulties compared to peers, we are not able to identify which children with diabetes may be at the highest risk. Poor metabolic control among diabetes groups was linked to larger differences in anxiety and psychological distress, suggesting that this may be an important starting point in identifying children at risk for psychosocial difficulties. The current analysis did not find that poor metabolic control was linked to differences between groups on depression. Nonetheless, studies conducted solely with children with diabetes have demonstrated a link between metabolic control and depression (e.g., [23] ).
It is likely that a small percentage of children with diabetes experience severe problems, while most adjust to the illness and maintain psychological well-being at levels similar to their peers. Identification of children who may be at highest risk for adjustment problems may be best investigated in studies that examine differences within samples of children with diabetes rather than studies that employ case-control designs. Our identification of a group of teens with deteriorating metabolic control over the course of adolescence through trajectory analysis [60] is one such effort. Further exploration in this area may assist clinicians in connecting families to appropriate psychological services so that intervention can begin before minor issues escalate into severe problems. Future work should also focus on identifying factors that promote resilience among some children with diabetes.
The current study is affected by several limitations. First, as a meta-analysis, the data are constrained by the information published in prior reports. We elected to exclude unpublished reports to ensure a minimum level of study quality. Nonetheless, studies that fail to find significant differences are less likely to be published, and as such, it is possible that the current analysis may overestimate differences between children with diabetes and their peers. Furthermore, some published studies did not include sufficient detail to enable inclusion in our analysis. We attempted to contact authors to retrieve relevant information, but it was not always possible to obtain this information. Second, the results of any meta-analysis are limited by the quality and sensitivity of the instruments used to conduct the underlying original research studies. Some constructs have well-developed instruments with proven reliability and validity; other constructs may be more difficult to accurately assess or do not yet have welldeveloped measurement tools. Third, there were a limited number of studies that assessed and reported findings for certain psychological outcomes (e.g., only three studies compared groups on peer difficulties). These limitations in the underlying literature may render effect sizes for these outcomes less reliable. There were also insufficient studies to examine multiple moderators simultaneously. As the literature in this area progresses, it may be possible to better determine these effects. Fourth, demographic variables, including both the moderating variables that we examined and others (e.g., family structure, ethnicity) were often under-reported. Inclusion of this information in published reports will help to provide a better context for understanding the determinants of psychological well-being. Finally, for many of the studies examined in this meta-analysis, comparison groups were poorly matched to diabetes groups. Although the majority of studies screened comparison groups for health status, a minority of studies employed a comparison group of children without providing any information on their health status. Overall, there was some variability in the comparison groups utilized that likely contributed to the heterogeneity of the effect sizes we obtained. Using an index that included one point each for matching on age, race, sex, and socioeconomic status and one additional point for targeted recruitment of a comparison group rather than a convenience sample, more than a third of studies scored a 0 or 1. Thus, it will be especially important for future work to focus on recruiting wellmatched comparison groups of healthy children in order to obtain a more accurate assessment of similarities and differences between children with diabetes and their peers.
Despite these limitations, the current study offers evidence that there are some differences between children with diabetes and their peers on psychological well-being, while suggesting that these differences may be diminishing over time and may be less likely to appear in methodologically stronger studies. Future work should employ longitudinal designs, obtain specific information about diabetes treatment regimens, and utilize well-matched comparison groups in order to more fully understand the challenges faced by children with diabetes, as well as their resilience to the psychological effects of this lifelong chronic illness.
